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EFFECTS OF CORTISONE ON TISSUE ELECTROLYTE CHANGES
DURING ANAPHYLACTIC SHOCK IN THE MOUSE*
CARL T. NELSON, M.D., CHARLES L. FOX, JR., M.D. AND ELIZABETH B. FREEMAN
Elevation of the hematocrit and a rise in plasma potassium levels have been
observed previously in anaphylactic shock and other acute allergic conditions
(1—3). The exact mechanisms of these changes have not been determined but
they have been ascribed to disturbances of endothelial permeability and to a
loss of intracellular potassium by cells which have undergone alterations in their
membrane permeability. More recently Rosenthal and Tabor (4) and Fox and
Baer (5) have studied the redistribution of potassium, sodium and water Lii trau-
matic shock. These authors showed that tissues injured by trauma lose potassium
and gain large amounts of sodium and extracellular fluid. Indeed, these chemical
changes appeared to be great enough to account in large part for the phenomenon
of shock which followed the injury.
In an effort to account for the sudden collapse which follows the rapid union
of antigen and antibody in sensitized animals, we have carried out electrolyte
analyses of the tissues and blood during anaphylactic shock in mice. We hoped
that the data obtained might add to our knowledge of the chemical changes
induced by an antigen-antibody reaction which rapidly leads to the death of the
animal. In these studies, the mouse was used as the experimental animal because
in contrast to the guinea pig, this species is relatively resistant to injected doses
of histamine.
Preliminary data obtained in this manner indicated that pronounced electro-
lyte changes may occur in the tissues and body fluids of mice during anaphylactic
shock. The nature of these electrolyte changes suggested that they might be
inhibited by corticosteroid compounds. When we found that anaphylaxis in
sensitized mice could be prevented by the administration of cortisone prior to
the injection of a challenging dose of antigen (6), the electrolyte patterns in the
tissues of these protected animals were also studied.
)IIEThODS
Male and female Swiss mice weighing between 20 and 30 grams were sensitized
by intraperitoneal injections of 1 cc. of undiluted normal horse serum every
second day for a total of 4 cc. This is the method of sensitization previously em-
ployed by Mayer and Brousseau (7). Eleven to 15 days after the last sensitizing
injection each of these animals received 1 cc. (or 4 per cent of the body weight—
* From the Department of Dermatology and the Department of Bacteriology, College
of Physicians and Surgeons, Columbia University, New York City.
This investigation was supported in part by grants from Ciba Pharmaceutical Products,
Inc., Summit, N. J. and The Division of Research Grants and Fellowships, National Insti-
tutes of Health, Bethesda, Md.
The cortisone used in these studies was purchased by funds from the United States Public
Health Service.
Presented at the Twelfth Annual Meeting of the Society for Investigative Dermatology
Inc., Atlantic City, N. J., June 7 and 8, 1951.
113
114 THE 1OUENAL OF INVESTIGATIVE DERMATOLOGY
whichever was less) of the same antigen by rapid injection into a tail vein. This
amount of undiluted normal horse serum given intravenously produced no toxic
manifestations in normal (unsensitized) mice. After it was established that 3 mg.
of cortisone given intramuscularly from 12 to 48 hours prior to the challenging
dose of antigen prevented anaphylactic shock, the sensitized animals were di-
vided at random into two groups—one consisting of sensitized, cortisone-pro-
tected mice and one made up of sensitized, unprotected animals. In order to
obtain satisfactory tissues for control analyses a group of normal mice which
had not been previously sensitized served as controls and received similar
amounts of horse serum intravenously. After injection of the challenging dose of
antigen, the animals were observed closely for the appearance of the signs of
anaphylaxis. Anaphylactic shock in mice is characterized initially by sluggish-
ness, mild dyspnea, slight cyanosis, and occasionally, scratching of the nose.
As the shock deepens the mice exhibit severe dyspnea, marked cyanosis, wobbling
gait, loss of sphincter control and ultimately weakness of the extremities, con-
vulsions, cycling movements of the legs and finally death. In this series of ani-
mals, the signs of anaphylaxis did not appear in less than four minutes and did
not terminate in death in less than 10 minutes, or more than 49 minutes.
Tissue samples from the unprotected mice dying in anaphylactic shock were
obtained immediately after death occurred. Tissues from unsensitized control
animals and the cortisone-protected sensitized mice in which the signs of anaphy-
lactic shock did not occur were obtained 30 to 45 minutes after the intravenous
administration of antigen. This period of time was selected because it represented
approximately the average time of survival of the unprotected, sensitized mice
after the injection of the shocking dose of horse serum. These animals were sacri-
ficed by anesthetizing with ether.
The chest was opened and blood was withdrawn from the heart into heparin-
ized tuberculin syringes. The blood obtained in this way from 5 to 10 animals
in each group was pooled and used for hematocrit and other determinations. For
tissue analyses the legs were amputated at the groin by cutting across the neck
of the femur with a scissors and taking the entire leg as the sample. In most in-
stances this procedure showed the acetabulum to be the site of amputation. The
wet weight of the leg was obtained and the water content was then determined
by drying to constant weight in an oven at 105°C. The electrolytes were extracted
with 0.75 N nitric acid (8) by mechanically crushing the tissues after they had
remained in the dilute acid for several days at room temperature (9). The nitric
acid solutions were then diluted and potassium and sodium were determined
with our internal standard flame photometer (10) by adding a constant amount
of lithium nitrate to all samples and obtaining the ratio of potassium or sodium
to lithium. Analyses for chloride were performed by the silver iodate method of
Van Slyke and Huller (11), modified slightly to permit the use of aliquots of the
nitric acid tissue extract (9).
RESULTS
The results of these experiments are summarized in Tables I and II. The data
shown in Table I indicate that the administration of 3.0 mg. of cortisone to sensi-
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tized mice prior to the injection of a challenging dose of antigen will effectively
prevent fatal anaphylactic shock in these animals. In the experiments outlined
in Table I the cortisone was injected 18 to 24 hours before the shocking dose of
antigen. Similar results are obtained when the cortisone is given at any time
from 12 to 48 hours beforehand. Mice which received smaller amounts of corti-
sone (i.e. 0.5 mg. to 1.5 mg.) also showed some degree of protection from fatal
anaphylaxis. In these animals, however, protection was not complete.
Table II shows the hematocrit values and the results of tissue electrolyte
analyses in the non-sensitized controls, the fatally shocked and the cortisone-
TABLE I
Inhibitory effect of cortisone on anaphylactic shock in the mouse
CORTISONE MG. NUMBER SENSITIZED
SATAL ANAI'HYLACTIC SHOCK
Number Per cent
Sensitized controls 0 94 69 73
Sensitized cortisone-
treated
3.0
1.5
1.0
0.75
0.5
45
10
20
30
20
0
1
3
6
5
0
10
15
20
25
TABLE II
Effect of cortisone on tissue electrolyte changes occurring after anaphylactic shock in mice
(Analyses of entire hind legs)
NUMBER OF
ANALYSES
POTASSIT.ThS SODIUM I CHLORIDE
(mEq. per liter water)
HEMATO-
CRIT %
41
64
43
Non-sensitized control mice (no
shock)
Sensitized mice (fatal anaphylac-.
tic shock)
Sensitized mice cortisone-pro-
tected (no shock)
15
31
45
115.2 1.8 97.2 2.5
108.4 2.3 106.4 1.5
113.8 0.7 98.1 0.8
58.2 1.9
67.1 1.3
57.7 0.8
protected animals. In these experiments, after fatal anaphylactic shock the
hematocrit was greatly increased from the normal of 41 to 43 per cent to an
average value of 64 per cent.
The electrolyte analyses of the entire hind legs show that the legs of mice
dying in anaphylactic shock contain significantly more sodium and more chlo-
ride than the legs of normal animals receiving an equivalent amount of horse
serum or the legs of sensitized animals protected with cortisone from fatal anaphy-
laxis. In contrast, the potassium content of the hind legs of animals dying in
anaphylactic shock is significantly less than that found in the control mice or the
cortisone-protected mice. These results are expressed iT1 milliequivalents per
liter water in view of the important osmotic and metabolic relationships between
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the electrolytes and the water in the leg. Furthermore, expressed in this way,
differences caused by variations in the mass of bone or other extraneous tissues
contributing to the dry weight may be avoided.
DISCUSSION
The sudden, rapid collapse which occurs during anaphylaxis in mice suggests
the occurrence of profound changes in the circulation. This is apparent upon
opening the chest and examining the heart which is flabby and contains rela-
tively little blood in comparison with normal animals receiving a large amount
of horse serum intravenously. The very high hematocrit found in the shocked
animals is a clear indication of a reduction in'blood volume and a shift of fluid
out of the vascular bed. The electrolyte analyses of the entire hind legs demon-
strate a significant increase in tissue sodium and chloride which may be inter-
preted as evidence of a shift of extracellular electrolyte into muscle and possibly
the skin. Actually, preliminary analyses of isolated muscles tend to support this
viewpoint.
The pronounced fall in potassium in the entire leg during anaphylactic shock
requires further explanation. Originally we supposed that this decrease resulted
from a loss of muscle potassium into the general circulation. This supposition
seemed to be confirmed by the observation that the plasma potassium in the
shocked animals frequently rose from the normal value of 4.5 mEq. per liter to
such surprising levels as 25 to 30 mEq. per liter. Additional studies, however,
have indicated that this conclusion was rather naive. Preliminary data obtained
by analyses of isolated muscles show that the muscle potassium, instead of being
decreased during anaphylactic shock, is actually increased and represents almost
all the potassium found in the entire leg (12). Apparently during anaphylactic
shock, it is the non-muscle potassium ordinarily found in the leg which has dis-
appeared. The most probable site from which this potassium could be derived
appears to be the bone and its marrow content. It seems reasonable to suggest
that after the rapid union of antigen and antibody, the potassium normally
found in bone and marrow entered the general circulation and was acquired by
the muscles. This is a situation not unlike that found in animals subjected to
traumatic shock (4, 5). It is clear that further studies will be required to locate
this mobile potassium which leaves the leg and to define its nature and role.
Whether such electrolyte changes are of primary consequence in anaphylaxis
or whether they secondarily reflect the changes occurring within cells after the
rapid union of antigen and antibody—or after other forms of bodily injury—still
remains to be determined. In any event, the data shown in Table II indicate
that cortisone-protected mice do not exhibit these electrolyte changes after the
sudden union of antigen and antibody. Subsequent analyses of skeletal muscle
(12) suggest that it is not the shift of sodium and chloride but rather the release
of non-muscle potassium into the general circulation which is prevented by corti-
sone. In so far as anaphylaxis in mice is concerned, it may be that the protective
role of cortisone is exerted on a moiety of the body potassium in bone which is
mobilized and transferred after the union of antigen and antibody occurs.
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SUMMARY
1. Profound changes in tissue electrolytes occurred following the rapid union
of antigen and antibody which led to anaphylactic shock in mice.
2. The tissues of the hind legs gained sodium and chloride and lost considerable
potassium. The shift of extracellular ions from the vascular bed into the tissues
was reflected in the pronounced rise in the hematocrit found in animals dying in
anaphylactic shock.
3. The administration of cortisone to sensitized mice prior to the intravenous
injection of a challenging dose of antigen effectively prevented anaphylactic
shock in these animals.
4. Elevation of the hematocrit and the gross overall changes in the tissue
electrolytes of the hind legs found after fatal anaphylactic shock in mice was
not observed in the cortisone-protected animals.
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ANNOUNCEMENT
Dermatology will be the subject of a continuation course for general
physicians to be presented by the University of Minnesota February 28 to
March 1. Dr. Arthur C. Curtis, Professor and Chairman of the Department
of Dermatology, University of Michigan, will be the visiting faculty member
for the course. The course will be presented under the direction of Dr.
Henry E. Michelson, Chairman of the Division of Dermatology at the Uni-
versity of Minnesota.
